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Biomolecules in Action: Using Titan as a
“Computational Microscope” with NAMD
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Why Does One Need a Supercomputer ?

Structural transitions Ensemble of trajectories

MD1 MD> MDs ‘

J.Am.Chem.Soc 138, 12077 (2016) Multiple replica required !!



Why Does One Need a Supercomputer ?

g 108
o)
<
h -
o107 Photosynthetic ==
2 Chromatophore
E R 3
g Aquaporin > (100 Nnm)
Lysozyme 3 valh/ ». =
,‘ o R P N
105 .

1990 1994 1998 2002 2006 2010 2014
Year



Parallel Performance of NAMD on Summit
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Visualization and Analysis: VMD

John Stone



In-situ Visualization of Billion Atoms : SIGHT
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Scientific Accomplishment # 1: Energy
Conversion in Bacterial Photosynthesis
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Summit Goals 1: From First-Principles to
Phenotypic Behaviors
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Summit Goals 2: Conformational Transition in
olecular Motors
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Design principle:
energy conversion —
effiqjency ?? ‘
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J.Am.Chem.Soc. 2017, 139, 293

Wah Chi
ah Chiu J.Phys.Chem.B 2016, 121, 350

(Stanford)



Scientific Accomplishment # 3: Synthesis of slor,
o Artificial Motors
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E Proc. Nat. Acad. Sci. 2018: https://doi.org/10.1073/pnas.1719539115
= (Accepted for special 1ssue commemorating the 2016 Nobel Prize in Chemistry)




Scientific Challenge # 3: High-throughput design of
Artificial Motors
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ientific Accomplishment # 4: Data-guided
Structure Discover

NERGEMLDKGKSYSGDEKINTSDNAKSCSGDE!
KKRSLECNPNEAKKICFSLEEKIGTVQSVKLKI
NVIEREDKLFNKLNNKNYRNEEEKKKNQINFD
MYLKNVEFRKYNLDYIRKINYEKCFYY
YKLNNDNIRKHILDNNIKDYONGIDNS!
NNNNYYYNNYNSDDNYNSEDNEYNNGNYRFRNI
VNFENIITKOQNIIHSEPFRNLLKESNELYITL!
NTIEDKKELTRSIKELEINMMTCNMEKDKISN!

Acta. Cryst. D 70, 2344 (2014)
Nat. Struct. Mol. Biol. 21, 244 (2014)
J. Am. Chem. Soc. 137, 8810 (2015)
J. Am. Chem. Soc. 138, 4843 (2016) g|l-atom

eLife 3, e03035 (2014)
PNAS 113, 10310 (2016)
eLife 5, e16105 (2016) v - il
Methods 100, 50-60 (2016) P oalie M T
Structure 24, 2102 (2017)
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Molecular Dynamics Flexible Fitting -
creation of data-driven force fields
A - ﬂi W7 B'” "

Two terms are added to the MD potential
Utotat = Unp + Ugpnm + Uss
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An external potential derived from the EM
map is defined on a grid as

Uepm(R) = Z w;iVenm(rj)

J
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VEI’\](I‘) — 5 (1 - (I)rnl(‘l.l‘_(I)t’hr) lf (b(r) 2 @thf"7
f if (I)(I') < DPipyye.

A mass-weighted force is then applied to each atom

fEM — —VUpay(R) = —w;OViar(r:)/or;

[1] Trabuco,Villa..Frank*, Schulten Structure (2008) 16:673-683.
[2] Trabuco,Villa..Frank*, Schulten Methods (2009) 49:174-180. Acetyl — CoA Synthase

*2017 Nobel Prize in Chemistry



Data-acquisition Pipelines at NSF BioXFEL Center

Serial (femto-second) X-ray Crystallography
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NUMBER OF GAUSSIAN-BLURRED DENSITY REPLICA
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Scientific Challenge # 4: Structure Discovery
with Supercomputers
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Combination of “Enhanced-sampling”
with Flexible Fitting

PHENIX only Phase extension

in xMDFF-PHENIX

Multiple sterecisomers
In the same 1.8 Angstrom data

JAm. Chem. Soc. 2015, 137, 8810
JAm. Chem. Soc. 2016, 138, 4843



~—— Direct
——cMDFF |
~—— ReMDFF

eLife 5, e16105 (2016)-=
Methods 100, 50-60 (2016)
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Results of the Cryo-EM Structure Challenge
(EM193)

emb 5778 | emb._ 5995

Journal of Structural Biology (Under review at for special section commemorating 2017 Nobel Prize)



TRPV1

B-galactosidase

Quality of fitting
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Vision: Structure Discovery with Summit

Currently on BlueWaters
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Yearly Growth of Total Structures

number of structures can be viewed by hovering mouse over the bar
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